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SUMMARY 
Field experiments with medium red and mammoth red 
clover at Ames, conducted over a period of years, showed 
that the stage of maturity of the plants at the time the 
first crop was cut had a marked influence on total yield of 
forage, the actual and potential seed yields and the quality 
of forage. 
Dry matter production in the first crop of medium red 
clover increased until maturity was reached, while in mam-
moth red clover, the highest yield was obtained at the full 
bloom stage. Leaf loss, as the plants of mammoth red clover 
approached maturity, apparently accounted for an actual 
decrease in the yield of dry matter. 
The highest. yield of forage of medium red clover, for the 
whole season, was obtained by cutting the first crop at the 
late bloom stage and the second crop at the full bloom stage. 
With mammoth red clover, the highest yield was obtained 
by cutting the first crop at the early blooom stage and the 
second crop at the full bloom stage. Data on actual and 
potential seed yields of medium red clover indicated that 
seed production was favored by cutting the first crop for 
hay at the early bloom stage. 
The percentage of leaves in the forage was higher in 
medium red than in mamoth red clover. Forage from the 
first crop of medium red clover was higher in percentage 
of leaves than was forage from the second crop. With mam-
moth red clover, however, because of the considerable loss 
of leaves after the plant started to bloom, leaf percentage 
was higher in the second crop than it was in the first crop. 
The percentage of protein decreased with advancing 
maturity. In general the first crop of medium red clover was 
higher in percentage of protein than was the second crop. 
In mammoth red clover forage, becanse of less leaf loss, the 
second crop was higher in protein than was the first crop 
at a comparable stage of maturity. 
Data on production of total protein and crude fiber per 
acre showed that following the bud stage of maturity, the 
total crude fiber increased much more rapidly than did tlie 
total protein, indicating that the feeding value of the forage 
decreased with approaching maturity. 
Mineral analyses indicated a trend toward lower percent-
age of phosphorus at the more mature stages of growth, 
both in the first and second crops. In general, the second 
crop apparently was slightly lower in phosphorus than was 
the first crop. 
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The percentage of calcium in the leaves was approxi-
mately three times that in the stems; the percentage of 
calcium tended to increase as the crop approached maturity. 
Second crops were slightly higher in percentage of calcium 
than were' first crops. 
Analyses for fat showed that a fairly constant level was 
maintained in the stems and leaves from the bud stage to 
maturity. In the heads, however, the fat percentage rose 
rapidly as the plants approached maturity, due undoubtedly 
to translocation to, and storage in, the developing seed. 
Effect of Time of Cutting Red Clover 
on Forage Yields, Seed Setting 
and Chemical Composition1 
By CAUUOI.L P. \VU.SIE AND E. A. HOI.LOWELI! 
In the management of clover meadows, both medium red 
and mammoth, the stage of maturity at which the crop 
is cut may be highly important. The time of cutting the 
first crop may influence greatly the amount and quality of 
the hay produced as well as the recovery and production 
of a second hay crop, an aftermath pasture or a seed crop. 
To obtain more complete information with regard to the 
effects of time of cutting and stage of maturity on the yield 
of forage and seed -as well as chemical composition of 
forage, field experiments with both medium red clover and 
mammoth red clover were conducted through a period of 
years at the Iowa Agricultural Experiment Station, with 
the cooperation of the Division of Forage Crops and Dis-
eases, Bureau of Plant Industry, Soils and Agricultural 
En,g-ineering, United States Department of Agriculture. 
Field plots were established by sowing the clovers at 
seeding rates slightly higher than normal, so as to have a 
stand as uniform as possible in the second year. A light 
seeding of early maturing oats usually was sown as a com-
panion crop. This was harvested for hay when the oats 
had reached the soft dough stage of maturity. 
In the sprin,g- of the second year, small plots, approxi-
mately 7 fe-et by 9 feet in size, were laid out in uniform 
areas of clover. The plot layout for medium red clover 
included 72 plots made UP of 18 cutting- treatments and 4 
replications. Startinp.." at the time of anpearance of flower 
buds, usually the last week in May. first-crop cuttings were 
made at weekly intervals, until, at the sixth date of cutting, 
the seed was practically mature. For each of the six first-
crop cuttin,g- dates, second-crop cuttings were made at three 
stages, including early bloom stage, full bloom stage and 
mature seed stage, respectively. 
Third crops were cut when the full bloom stage was 
reached. or if growth and development did not permit that 
stage to be reached, an aftermath cutting was made in 
October, when growth had practically ceased. 
, Project No. 183 of the Iowa Agricultural Experiment Station. 
• Research professor and senior agronomist. respectively. The contribution of 
the late Prof. F. S. Wilkins, who was in charge of the field experiments prior to 
1937, is gratefully acknowledged. • 
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At the time of harvest,' data were taken on the stage of 
bloom by counting the number of heads in a 3-foot length 
of drill row of clover (with three replicates) and giving all 
heads counted an index, number for stage of maturity as 
follows: 
1. Green buds showing no red color. 
3. Heads approximately one-fourth in bloom. 
5. Heads in full bloom, all corollas open. 
7. Heads showing one-half of corollas brown. 
9. Heads having all corollas brown. 
Whenever plants were harvested in the full bloom stage, 
25 heads, chosen at random, were saved for a determination 
of the number of florets per head. This made possible an es-
timate of the potential seed yield, for with favorable insect 
activity, the more flowers available, the more seed should be 
produced. Moreover, a cutting treatment might be adopted 
such that the greatest possible number of available flowers 
would be open at the time when pollinating insect activity 
was expected to be most favorable in the summer. 
Actual production of seed on the small plots (7 feet by 
9 feet) also was determined in several seasons, but such 
yields were not considered to be comparable to commercial 
seed yields in the same locality. Because of the several 
cutting treatments inherent in the experimental design, 
plants were in various stages of development at all times 
during the summer. It seemed likely that the plants in a few 
small plots coming into bloom at one time might not present 
the same situation for insect pollination as would be pre-
sented by a large field in the full bloom stage during one 
relatively short period. 
At harvest time, samples were saved for hay grade and 
composition studies. These samples were dried in the shade 
and shipped to Washington, D.C., where data were obtained 
on hay grade and chemical composition. 
In the experiments with mammoth red clover, a similar 
cutting schedule was adopted, with certain modifications 
found necessary because of the nature of the growth and 
recovery of this type of red clover. 
FORAGE YIELDS 
A summary of forage yields, expressed in tons per acre 
at 12 percent moisture, for the various cutting treatments 
previously described, is given in table 1; These data include 
the average results for four years, including 1936, 1939, 
1940 and 1943. -
In the first crop, as shown in table 1 and fig. 1, the yield 
643 
TABLE 1. FORAGE YIELDS OF MEDIUM RED CLOVER OBTAINED UNDElt 
DIFFERENT TIME OF CUTTING TREATMENTS (4-YJo:AR AVERAGE 
IN TONS PER ACRE AT 12 PERCENT MOISTURE). 
After- Annual 
First crop Second crop math yield 
Stage Tons Stage Tons Tons Tons 
Date of per Date of per per per 
cut bloom acre cut bloom acre acre acre" 
June 2 Bud 1.04 July 16 Quarter bloom 0.92 0.54 2.50 
.. .. .. 1.04 July 22 Full bloom 1.10 0.48 2.62 
.. .. .. 1.04 Aug. 4 Corollas brown 1.14 0.39 2.57 
J,,!?e}O E,,;~ly bloom 1.20 July 22 Quarter bloom 1.00 0.52 2.72 
.. 1.20 July 28 Full bloom 1.10 0.50 2.80 
.. .. .. .. 1.20 Aug. 17 Corollas brown 0.98 0.24 2.42 
J~~e ~~7 Full bloom 1.42 July 25 Quarter bloom 1.02 0.48 2.92 
.. .. 1.42 July 29 Full bloom 1.09 0.45 2.96 
.. .. .. .. 1.42 Aug. 20 Corollas brown 1.02. 0.11 2.55 
June 24 L~~ bl~~ 1.61 July 30 Quarter bloom 0.90 0.37 2.88 II .. 1.61 Aug. 4 Full bloom 1.05 0.45 3.11 
.. .. .. .. 1.61 Aug. 28 Corollas brown 1.00 
-
2.61 
July 1 Corollas 1.70 Aug. 14 0.83 0.45 2.92 
.. .. 
~alf br,,?wn 
1.70 Aug. 12 0.88 0.25 2.83 
.. .. .. .. l.70 Sept . 1 1.02 
-
2.72 
J~!y 13 Corollas brown 1.87 Aug. 21 0.64 0.12 2.63 
.. II II 1.87 Aug. 26 0.92 
-
2.79 
.. .. .. .. 1.B7 Sept. 25 0.97 
-
2.84 
Mcans 1.47 0.98 0.29 2.74 
• Differences of 0.35 ton per acre, among mean annual yields for the various 
cutting treatments, are significant at the 5 percent level. 
4.0 ..... -------------------------, 
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3.lj ~ SECOND CROP AT QUARTt:R BLOOM 
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- FIRST CROP STAGE OF MATURITY' 
Fig, 1. YIelds of medium red clover forage iii tons per acre (12'1c moisture), 
with different cutting treatments. 
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of forage increased steadily from June 2, when plants were 
in the bud stage and produced 1.04 tons of hay per acre, 
until July 13, when plants had reached maturity and pro-
duced 1.87 tons of hay per acre. Second-crop yields were 
relatively constant, and not affected greatly by the time of 
first-crop harvest. It seems probable that at the time the 
first crop growth began to mature. new growth from crown 
buds was starting and this. added to the old growth, con-
tributed to the yield of the late cuttings. In turn the removal 
of some of the second growth with the first cutting may 
have influenced the recovery and yield of the second crop. 
It is possible that this influence would vary considerably 
from year -to year, depending on moisture conditions and 
other environmental factors affecting recovery of the sec-
ond crop growth. 
Aftermath or third-crop cuttings were obtained from 
most of the plots. but these cuttings amounted to hut little 
if the second crop was removed later than Aug. 15. 
Th e highest forage yields for the entire season were 
obta:ined when the first crop was cut at the full bloom stage 
or later, and the second crop was cut at approximately the 
full bloom stage. Yields somewhat less than average were 
obtained when the first crOIl was cut in the bud stage. Con-
sidering both the yield and quality of the forage, it would 
appear that the best results were obtained by harvesting 
both the first and second crops at approximately the full 
bloom stage. 
Forage yields, expressed as dry hay at 12 percent mois-
ture, for the mammoth red clover experiments for the same 
four years (1933, 1930, 1940 and 1943) are given in table 
2 and in fig. 2. 
First, one should note that the total yields of forage for 
the season were practically the same for mammoth red 
dover as they were for medium red. The first date of har-
vest for mammoth red, when the plants were in the bud 
stage, was June 21, almost 3 weeks later than for medium 
red clover. The first crop of mammoth contained a much 
higher percentage of the total annual yield than was ob-
tained from the medium red. Mammoth is considered to be 
a single-cut type and only in favorable seasons, when there 
is sufficient moisture, are second crops a practical possibil-
ity. In these experiments, however, a second crop of % ton 
or more of hay per acre was obtained, if the first crop was 
cut by the time the full bloom stage was reached, which 
was usually about July 11. 
The first crop of mammoth red clover often is coarse and 
may lodge badly. From the standpoint of forage quality, 
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TABLE 2. FORAGE YIELDS OF MAMMOTH RED CLOVER OBTAINED UNDER 
DIFFERENT TIME OF CUTTING TREATMENTS (4-YEAR AVERAGE 
IN TONS PER ACRE AT 12 PERCENT MOISTURE). 
First crop Second crop Annual ~ 
Stage Tons 
I 
Stage Tons Tons 
Date per per Date of per per 
cut bloom 
.-
acre cut bloom acre acre!) 
June 21 Bud 1.77 Aug. 20 Quarter bloom 0.83 2.60 4, " 
" 1.77 Aug. 30 Full bloom 0.82 2.59 
" " " 1.77 Oct. 1 Corollas brown 1.02 2.79 
June 30 Ea;.IY bloom 2.17 Sept. 10 Quarter bloom 0.79 2.96 
u u 
" 2.17 Sept. 18 Full bloom 0.92 3.09 
.. 
" 
.. 
" 2.17 Oct. 5 Corollas brown 0.76 2.93 J~!y 11 Full bloom 2.43 Sept. 12 Quarter bloom 0.51 2.94 
" 2.43 Sept. 25 Full bloom 0.54 2.91 
" 
.. .. .. 2.43 Oct. 10 Corollas brown 0.45 2.88 
JU.~y 18 Late bloom 2.19 Sept. 25 0.45 2.64 
" 2.19 Oct. 10 0.39 2.58 
" 
.. 
" " 2.19 Oct. 10 0.39 2.58 
Al}.g. 6 Corollas brown 2.11 Oct. 17 ·0.16 2.27 
" 2.11 Oct. 17 0.15 2.26 
" " " 
.. 2.11 Oct. 17 0.18 2.29 
Means 2.13 --:-; 0.56 2.69 
"Differences of 0_39 ton per acre, among mean annual yields for the various cut-
ting treatments, are significant at the 5 percent level. 
4.0 
3.5 
3.0 
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W 2.5 0: 
0 
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SECOND CROP AT FULL BLOOM 
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COROLLAS 
BROWN 
Fig. 2. Yields of mammoth red clover forage in tons per acre (12 '7< moisture), 
with different cutting treatments. 
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the best practice would be to harvest the first crop in the 
early bloom stage, about June 30 in most seasons. In favor-
able seasons a second crop of hay could be cut about Sept. 
15, or this aftermath crop could be used for pasture. 
MATURITY INDEX 
Recommendations to farmers often state that red clover 
should be cut for hay when the crop is in full bloom, or 
possibly just before the full bloom stage. Studies made while 
conducting these experiments have shown that the terms 
"quarter bloom" and "full bloom" often are used rather 
inaccurately. Using the scale of 1 to 9 previously mentioned. 
a composite index. made by averaging three individual 
counts, was used to express maturity. For each date of 
TABLE 3. DATE OF HARVEST AND MATURITY INDEX FOR MEDIUM RED 
CLOVER OVER A 4-YEAR PERIOD. 
Kev to Maturity Indext Avera!!e Description 
cutting date of of stage 
treatment" 1936 1939 1940 1943 Average cutting of bloom 
Rt 1~! C~?P 2.0 2.2 1.7 1.1 1.8 June 2 Rud RII :lfi 50 3.4 1.7 3,4 .Tune 9 F.arly bloom 
RUI .. .. 5.1 5.5 4.9 3.8 4.8 June 16 Full bloom 
RIV .. .. 6.3 7.8 0.8 4.5 6.4 June 23 Pa.t full bloom 
RV .. .. 6.5 8.2 7.7 5.9 7.1 June 30 Half of corollas 
brown 
RVI .. .. 8.2 7.2 8.8 8.0 8.0 July 12 All of corollas 
brown 
RI-l 2n~ C~?P 2.4 4.2 2.7 4.6 3.5 July 16 Quarter bloom RI-2 6.3 6.1 5.2 5.9 5.9 July 22 Full bloom 
RI-3 .. .. 8.0 
- - - -
Aug. 7 Mature 
RTT-l 2n~ C~?P 4.2 4.4 4.1 4.0 4.2 July 22 Quarter bloom 
RII-2 7.8 5.1 5.3 6.1 6.1 July 28 Full bloom 
RII-3 .. .. 8.5 - - - - Aug. 19 Mature 
RTTI-l 2n~ C~?p 1.8 3.9 2.8 3.4 3.0 July 25 Quarter bloom 
RIII-2 5.6 6.5 4.8 5.7 5.6 July 29 Full bloom 
RIU-3 .. .. 7.5 
- - - -
Aug. 23 Mature 
RTV-l 2n~ C~?P 4.4 4.4 3.6 5.2 4.4 July 30 Quarter bloom 
RIV-2 6.5 6.5 4.8 4.7 5.6 Aug. 4 Full bloom 
RIV-3 .. .. 8.2 
- - - -
Sept. 1 Mature 
RV-l 2n~ C~?P 3.7 4.1 3.0 4.5 3.8 Aug. 4 Quarter bloom 
RV-2 7.4 5.8 5.2 5.3 5.9 Aug. 12 Full bloom 
RV-3 .. .. 8.3 
- - - -
Sept. 15 Mature 
RVI-l 2n~ C~?p 3.6 2.9 2.9 4.5 3.5 Aug. 21 Quarter bloom 
RVI-2 5.8 4.8 4.4 5.9 5.2 Aug. 26 Full bloom 
RVI-3 .. .. 8.6 - - - - Oct. 1 Mature 
·Symbols RI to RVI respectively represent the six first-crop cuttings of medium 
red clover harvested at approximately weekly Intervals. Symbols RI-l to RVI 
respectively represent the second-crop cuttings harvested at three stages of 
maturity, quarter bloom, full bloom and mature seed stage. Previous first crop 
cutting treatment is indicated by the Roman numeral in the symbol. 
t Maturity Index - 1 = buds, no color showing 
3 = one-fourth of flowers open 
5 = full bloom 
7 = one-half of corollas brown 
9 = all corollas brown, seed nearly mature. 
TABLE 4. DATE OF HARVEST AND MATURITY INDEX FOR MAMMOTH RED 
CLOVER OVER A 4-YEAR PERIOD. 
Key to Maturity indext Average De3cription 
cutting date of of stage 
trcatnlent .... 1936 1939 1 1940 1943 Average cutting of bloom 
-- I~-
Ml 1~~ c;,op 1.0 1.5 1.5 1.0 1.2 June 21 Bud 
MIl 1.2 2.5 2.4 2.4 2.1 June 30 Early bloom 
MIll .. .. 4.6 3.5 6.9 5.2 5.1 July 11 Full bloom 
MIV .. .. 3.8 5.7 8.8 7.4 6.4 July 18 Late bloom 
MV .. .. 7.9 
-
- -
7.9 Aug. 6 CoroUas brown 
MI-l 2n~ c~~p 3.7 2.7 3.2 4.6 3.5 Aug. 20 Quarter bloom 
Ml-2 7.9 4.6 5.1 5.3 5.7 Aug. 30 Full bloom 
MI-3 .. .. 8.0 '- - - 8.0 Sept. 1 Mature 
MIl-l 2n~ C~?P 7.6 2.6 3.2 - 4.5 Sept. 10 Almost full bloom MII-2 7.9 4.4 5.0 
-
5.8 Sept. 18 Past full bloom 
MIlI-! 2nt~ c;,op 7.6 - - - 7.6 Sept. 12 Most corollas brown 
MIlI-2 7.7 - - - 7.7 Sept. 25 Most corollas brown 
MIV-l 2nd crop 7.4 
- - -
7.4 Oct. 1 Most corollas brown 
• Symbols MI to MV respectively represent the five first-crop cuttings of mam-
moth red clover. Symbols MI-l to MIV -1 respectively represent second-crop cuttit1gB 
as explained in footnote I, table 3. 
t Maturity index EtIme as in footnote 2, table 3. 
cutting this maturity index could be described in terms of 
stage of bloom. For example, an index of 5 indicated that 
the crop was in the full bloom stage. At this stage there 
usually were about as many heads past full bloom as those 
that had not reached full bloom. Seldom more than 50 per-
cent of all heads counted were actually in full bloom at any 
one time. 
Summaries of the maturity data taken for both medium 
red and mammoth red clover are presented in tables 3 and 
4. 
CUTTING TREATMENT AND SEED PRODUCTION 
Most of the commercial crop of medium red clover seed 
produced in Iowa is harvested from the second crop follow-
ing the removal of the first crop for hay. Occasionally a first 
crop is allowed to produce seed, and sometimes a seed crop 
is harvested from new stands of clover in the fall of the 
year the clover was sown. The common practice, however, 
is to use the second crop in the second year for seed pro-
duction, and the influence of the time of cutting the first 
croP for hay upon seed yield in the second crop thus becomes 
hip"hly important. 
Seed yields were obtained in 1939 from the small plots 
(7 feet bv 9 feet in size) previously described in the forage 
yield study. The results are presented in table 5. 
TABLE 5. SEED YIELDS OF MEDIUM RED CLOVER OBTAINED IN 1939 WITH 
DIFFERENT TIME OF CUTTING TREATMENTS. 
Date of Utilization - Date of Yield of seed 
harvesting of harvesting in pounds 
first crop first crop seed crop per acre· 
July 6 Seed July 6 55.7 
June 7 Hay Aug. 11~' 132.9 
June 15 Hay Aug. 17 119.4 
June 23 Hay Aug. 25 98.6 
June 28 Hay Sept. 4 85.6 
July 6 Seed Sept. 15 67.7 
• Differences of 41 pounds per acre are significant at the 5 percent level. 
The highest yield of seed was obtained in the second crop 
when the first crop was harvested for hay on June 7, the 
yield becoming progressively less as the cutting of the hay 
crop in June was delayed. These results confirm those ob-
tained by Willard et al. in Ohio (3), and by Megee et al. in 
Michigan (2). 
As would be expected, seed yields are dependent upon a 
large number of factors that may vary markedly from year 
to year. Consequently seed production does not always 
follow the same pattern, with respect to the effect of cutting 
treatment. In 1940, using the same technique as that used 
in 1939, seed yields again were obtained. The yields are 
shown in table 6. 
In this particular season conditions were favorable to a 
good yield of seed in the first crop, which was harvested on 
July 18 without any previous cutting treatment. Rainfall 
during the latter part of the summer was adequate for 
recovery of this crop, and a second seed crop of excellent 
yield was obtained from those same plots when harvested 
for seed on Oct. 17. It is believed, however, that conditions 
favoring the production of two seed crops per year are 
unusual, and that the 1939 season probably was more com-
TABLE 6. SEED YIELDS OF MEDIUM RED CLOVER OBTAINED IN 1940 WITH 
DIFFERENT TIME OF CUTTING TREATMENTS. 
Date of Utilization Date of Yield of seed 
harvesting of harvesting in pounds 
first crop first crop seed crop per acre· 
July 18 Seed July 18 110.1 
June 6 Hay Aug. 19 85.8 
June 13 Hay Aug. 30 70.6 
June 20 Hay Aug. 30 69.4 
June 27 Hay Sept. 12' 57.8 
July 3 Hay Sept. 14 83.0 
July 18 Seed Oct. 17 106.2 
• DIfferences of 31 pounds per acre are sigmficant at the 5 percent level. 
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parable to normal conditions. Seed yields of the second crop, 
following the removal of a hay crop in June, indicate that 
June 6 was the best date for cutting the hay crop. That fall 
conditions were favorable for good seed setting is indicated 
also by the fairly high yield of 83 pounds per acre obtained 
on Sept. 14 following the removal of a hay crop at the very 
late date of July 3. 
It is suggested that yields obtained from these small 
plots probably do not represent normal commercial yields 
for a number of reasons. Seed yields depend upon many 
factors, among the most important of which are those relat-
ing to the activity of pollinating insects. Honeybees and 
bumblebees both are important in pollinating red clover. 
Usually there are not a sufficient number of bumblebees to 
insure adequate seed production. Honeybees are effective, 
especially when they are collecting pollen. They are effective 
also -i.vhen collecting nectar, but are unlikely to collect much 
nectar from red clover if other nectar-bearing plants are 
available. Observations have shown that honeybees often 
will fly over a red clover field to get to a field of sweetclover,· 
white clover or alsike clover. At the Agronomy Farm where 
these experiments were conducted, there was a considerable 
amount of sweetclover in bloom during much of the summer. 
It is believed that a few small plots, brought into bloom 
every few days by controlled cutting treatments, probably 
did not present a normal situation with respect to bee 
activity. 
Because of the high degree of variability and chances 
for discrepancy in obtaining actual seed yields, a study of 
potential seed yield also was made. Recognizing that the 
seed yield is dependent upon both the number of flowers 
available for pollination and the activity of the pollinating 
insects, the effect of time of cutting treatmC'nt upon the 
number of flowers available was determlnHI during two 
seasons. If pollinating insects were not 1I f.imiting factor~ 
the management practice that would bl'lng the greatest 
number of flowers into bloom at one time probably would 
result in the best seed production. Because bee activity is 
much greater in clear, warm, dry weather than it is in 
damp, cool weather, the time of greatest bloom should, if 
possible, coincide with the period in the summer when 
weather conditions are likely to be most favorable for bee 
activity. 
When plots of the various cutting treatments were har-
vested at the full bloom stage, counts were made of the 
number of heads per square foot and also of the number 
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TABLE 7. FLOWERS AVAILABLE FOR POLLINATION FOLLOWING DIFFER-
ENT CUTTING TREATMENTS (1940 AND 1943 AVERAGE). 
Characteristics of bloom 
Crop Previous of potential seed crop 
to be used Date of cutting 
for seed fun bloom for hay Heads per Flowers Flowers per 
square foot per head square foot 
First June 22 None 33 99 3247 
Second July 24 June 5 38 121 4560 
Second July 28 June 12 40 110 4420 
Second Aug. 1 June 19 35 99 3530 
Second Aug. 6 June 26 34 92 3160 
Second Aug. 15 July 3 40 93 3767 
Second Sept. 7 July 20 26 95 2706 (seed) 
of flowers per head. These data are summarized in table 7. 
They indicate that for the two seasons 1940 and 1943, the 
greatest number of flowers per square foot, at the full 
bloom stage of the second crop on July 24, were produced 
following the harvesting of a crop for hay on June 5. Only 
a ~light1y smaller number of flowers per square foot were 
present in the second crop, at full bloom on July 28, when 
the first crop was cut for hay on June 12. As it is recognized 
that maturity will vary from year to year, due to differing 
seasonal conditions, this range of dates from June 5 to June 
12 is not considered to mean a difference in the maturity 
of the crop. It seems likely that the second week in June, 
01' possibly the period between June 1 and 15, would repre-
sent the most favorable time 'for harvesting the hay crop, 
looking to the production of a subsequent seed crop. Ex-
pressed in terms of stage of maturity, the clover during 
this period is in "early bloom," "quarter bloom" or possibly 
nearly "full bloom." Studies in Canada by Bird (1) indicated 
that the best period for seed setting probably was from 
July 15 to Aug. 7, logically following a first crop cutting 
during the early part of June. 
Most farmers, however, cut red clover for hay after June 
15, often when the crop is considerably past the full bloom 
stage. It is recognized that in many seasons the weather 
in Iowa is not favorable for haymaking in early June. This 
presents a problem in the best method of handling and 
preserving good quality forage. Barn drying and the mak-
ing of silage are possibly at least a partial answer. From 
the standpoint of seed production, the data, both from 
actual seed yields and potential seed yields, indicate that 
the first crop should be cut before the full bloom stage is 
reached. -
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QUALITY OF FORAGE3 
To determine the effect of cutting treatment on hay 
quality and chemical composition, samples of forage from 
all cutting treatments were dried in the shade and studied 
for color, stem diameter, U. S. class and grade, and per-
centage of stems, leaves and heads. Chemical analyses were 
determined on the stem, leaf and head portions of all 
3 The authors are indebted to W. H. Hosterman and Lawrence Z·eleny, Grain 
Branch, Production and Marketing Administration. U.S. Department of Agricul-
ture, for data on hay grades and chemical analyses. 
TABLE 8. FORAGE QUALITY OF MEDIUM RED AND MAMMOTH RED CLOVER AS INDICATED BY PERCENTAGES OF LEAVES, 
STEMS AND HEADS, STEM DIAMETER AND U.s. GRADES, WHEN HARVESTED AT DIFFERENT 
STAGES OF MATURITY IN 1939. 
----- -
I Percentage of Green color Stem 
Key to cuttinl,' Date of 
I Leavesj Stems j Heads 
diame-
treatment 'harvest Stage of maturity j Per- ter U.S. class and grade Hue cent (wire gauge) 
Medium Red Clover 
(1st c,'op) HI May 31 Bud 69.0 24.0 7.0 10.00Y lOot 13 U.S. No. I, extra leafy, extra green 
RII June 7 Early bloom 60.0 27.3 12.7 9.09Y lOOt 12 '4 U U " .. H 
Rill June 15 Full bloom 60.1 27.2 12.7 8.57Y lOOt 13 .. .. .. .. .. .. 
RIV June 23 Late bloom 61.7 25.2 13.1 8.82Y lOOt 14 " .. " .. .. .. 
RV June 28 Corollas half brown 66.2 24.6 9.2 6.47Y 93 13 .. .. .. .. " .. 
RVI July 6 Mature 62.6 31.3 6.1 7.50Y lOOt 12 .. " " .. .. .. 
(2nd crop) RI-l July 12 One-fourth bloom 47.8 36.2 16.0 8.50Y lOOt 12 .. .. .. " " .. 
RI-2 July 19 Full bloom 46.0 36.3 17.7 7.50Y lOOt 13 .. .. .. " .. .. 
IlI-3 July 26 Late bloom 34.5 41.7 23.8 6.69Y 96 12 .. .. " " " .. 
RI-4 Aug. 9 Mature 48.6 44.5 6.9 4.38Y 65 11 .. .. .. .. " .. 
RII-l July 19 One-fourth bloom 40.1 46.9 13.0 8.00Y lOOt 12 " " ... " .. .. 
RII-2 July 26 Full bloom 42.0 38.7 19.3 6.00Y 87 14 .. " .. .. .. .. 
RlI-3 Aug. 4 Late bloom 30.6 50.5 8.9 4.00Y 60 13 U.~. NOt', 2. ex~a le~fy. e~~ra gr;,ell 
RII-4 Aug. 11 Mature 46.3 41.8 11.9 4.62Y 68 12 
RIII-l July 24 One-fourth bloom 45.8 35.3 18.9 7.50Y lOOt 13 U.~. NO,'. 1. ex~~a le~fy. e~~ra gr;,ell 
RIII-2 July 26 Full bloom 51.8 32.4 15.8 6.67Y 96 13 
RIlI-3 Aug. 7 Late bloom 40.1 36.5 23.4 4.74Y 70 13 " .. " .. " .. 
RIIl-4 Aug. 17 Mature 38.8 38.4 22.8 8.33Y lOOt 13 .. .. " .. " .. 
RIV-l July 29 One-fourth bloom 49.8 33.2 17.0 7.62Y lOOt 12 .. .. .. .. .. .. 
RIV-2 Aug. 2 Full bloom 47.7 31.7 20.6 7.37Y lOOt 14 .. .. .. .. .. .. 
RIV-3 Aug. 14 Late bloom 42.9 26.8 30.3 7.06Y lOOt 13 .. .. .. " .. .. 
RIV-4 Aug. 25 Mature 54.6 34.6 10.8 4.00Y 60 14 .. .. " .. " .. 
m 
01 
[:,,:) 
TABLE 8. (Continued) 
Percentage of 
Key to cutti!lg Date of 
Leavesl Stems I Heads treatment harvest Stage of maturity 
Medium red clover 
(Continued) 
(2nd crop) RV-l Aug. 2 One-fourth bloom 57.0 26.5 16.5 
RV-2 Aug. 7 Full bloom 47.0 30.6 22.4 
RV-3 Aug. 23 Late bloom 47.4 33.7 18.9 
RV-4 Sept. 4 Mature 65.0 31.3 3.7 
RVl-l Aug. 11 One-fourth bloom 62.5 22.7 14.8 
RVI-2 Aug. 14 Full bloom 57.7 25.9 16.4 
RVI-3 Sept. 4 Late bloom 61.6 28.2 10.2 
RVI-4 Sept. 15 Mature 62.0 30.4 7.6 
Mammoth 
Red Clover 
(1st crop) MI June 23 Bud 65.4 32.4 2.2 
MIl June 28 Early bloom 57.3 38.0 4.7 
MIll July 10 Full bloom 45.5 . 46.2 8.3 
MIV July 19 Late bloom 42.5 48.5 9.0 
MV Aug. 12 Mature 40.5 50.5 9.0 
(2nd crop) MI-1 Aug. 14 One-fourth bloom 74.6 19.B 5.6 
MI-2 Aug. 19 Full bloom 68.3 23.1 8.6 
MI-3 Sept. 21 Late bloom 
, 
56.6 36.8 6.6 
MI-4 Sept. 30 Mature 55.1 40.2 4.7 
MU-l Aug. 17 One-fourth bloom 82.7 14.2 3.1 
MII-2 Aug. 23 Full bloom 72.6 17.2 10.2 
MII-3 Sept. 21 Late bloom 65.8 28.9 5.3 
MII-4 
. j se~t. 30 Mature 58.6 36.7 4.7 
------ - - - - --
Green color Stem 
diame-I Per- ter Hue cent (wire gauge) 
. 9.29Y lOOt 15 
8.46Y loot 13 
4.00Y 60 14 
5.00Y 74 14 
9.38Y lOOt 14 
8.57Y lOOt 14 
6.67Y 96 14 
5.38Y 79 14 
9.47Y lOOt 12 
7.50Y lOOt 13 
B.OOY lOOt 12 
7.06Y lOOt 12 
1.67Y 39 11 
10.00Y lOOt 13 
10.00Y lOOt 14 
2.50Y 45 13 
6.67Y 96 13 
10.OOY lOOt 13 
10.00Y lOOt 13 
6.00Y 87 12 
3.57Y 56 14 
U.S. class and grade 
U.S. No.1. extra leafy. extra green 
" " " " 
.. .. 
" " 
.. .. .. .. 
.. .. .. .. .. .. 
" " 
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.. .. .. 
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U.S. No.1. extra leafy, extra green 
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samples collected in 1936 and on certain key samples 
collected in 1939. These analyses included the determination 
of percentages of moisture, ash, protein (N x 6.25), crude 
fat,. crudE:' fiber, calcium as CaO and phosphorus as P 205' 
A comparison of the color, stem diameter, U. S. class and 
grade and percentage of leaves, stems and heads for the 
medium red and mammoth clovers cut at different stages 
of maturity and dried in the shade in 1939 is given in table 
~. Because of shade drying there was excellent color and no 
loss of leaves after harvesting, which accounts for the "No. 
1 Extra Green Clover" grade given to most samples. 
The data indicate that in general the first crop series of 
medium red clover contained a higher percentage of leaves 
than did the several second crop series. The only exception 
to this is the second crop series RVI-l to RVI-4 which was 
cut late in the season following an extremely late first crop 
harvest. With the mammoth red clover, however, the sit-
uation was reversed, -the percentage of leaves being lower 
in the first crop than in the second crop. The second crop 
of mammoth red clover, however, usually does not develop 
beyond a rather immature stage. Even though some plants 
may come into bloom, many remain in a purely vegetative 
condition. 
It is important to note that in the first crop the medium 
red clover had a higher percentage of leaves than did the 
mammoth red clover at comparable stages of maturity. At 
the full bloom stage, for example, the medium red clover 
had 60.1 percent leaves and 27.2 percent stems, while the 
mammoth red clover had 45.5 percent leaves and 46.2 per-
cent stems. Also, subsequent to the bud stage, the percent-
age of leaves dropped off more rapidly, with a consequent 
rapid rise in percentage of stems, in the mammoth clover 
than it did in the medium red. This is shown graphically 
in fig. 3. These data suggest the importance of harvesting 
mammoth clover at an early stage of maturity, at least 
not later than the early bloom stage, in order to obtain 
high quality forage. 
Referring back to tables, 1 and 2 and to figs. 1 and 2, we 
note that the yield of forage in the first crop of medium red 
clover increased with advance in maturity, until at the 
mature seed stage 1.87 tons of dry forage were obtained. 
This is 900 pounds -per acre more than was produced at the 
full bloom stage. In contrast to this, the highest yield of 
forage in mammoth clover was obtained at the full bloom 
stage, with a reduction in yield as the crop approached 
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maturity. This decline in yield can be explained by the 
considerable loss in weight of leaves subsequent to the early 
bloom stage, as illustrated in fig. 4. 
The weight of stems also decreased slightly as the crop 
approached maturity, indicating that there may have been 
some loss in dry matter due to lodging and subsequent 
decomposition of stems, but the greatest loss probably was 
due to an actual loss of leaves which dropped off before the 
TABLE 9. PERCENTAGE OF PROTEIN (N x 6.25) AND CRUDE FIBER IN FORAGE OF MEDIUM RED AND MAMMOTH RED 
CLOVER CUT AT DIFFERENT STAGES OF MATURITY IN 1936. 
Date 
of 
harvest 
May 30 
June 8 
June 15 
June 20 
June 27 
July 6 
July 13 
July 20 
July 27 
July 20 
July 27 
Aug. 3 
July 20 
July 27 
Aug. 3 
July 27 
Aug. 3 
Aug. 10 
Aug. 3 
Aug. 10 
Aug. 10 
June 15 
June 20 
June 27 
July 6 
July 20 
Aug. 10 
Aug. 31 
Aug. 31 
-
-
Stage of maturity I Leaves 
Bud 24.11 
Early bloom 21.73 
fuJI bloom 22.21 
Late bloom 20.53 
Corollas half brown 19.93 
Mature 18.76 
One-fourth bloom 20.88 
Full bloom 19.95 
Mature 18.10 
One-fourth bloom 20.13 
Full bloom 18.63 
Mature 19.41 
One-fourth bloom 20.47 
Full bloom 19.44 
Mature 18.63 
One-fourth bloom 20.53 
Full bloom 20.60 
Mature 19.26 
One-fourth bloom 20.72 
Full bloom 18.79 
One-fourth bloom 23.61 
Bud 19.80 
Early bloom 20.16 
Full bloom 19.26 
Late bloom 19.77 
Mature 17.03 
One-fourth bloom 20.00 
Full bloom 19.69 
One-fourth bloom 18.16 
Protein (N x 6.25) In percent 
... -
Stems Heads Whole 
forage 
Medium Red Clover 
9.61 22.24 20.51 
10.40 22.46 18.73 
9.27 19.7'1 18.38 
8.06 18.80 17.16 
10.01 18.51 17.35 
7.11 17.91 15.05 
9.35 20.80 16.93 
9.74 21.36 16.50 
8.82 24.92 15.85 
9.96 21.02 16.16 
8.89 21.49 15.41 
8.66 22.61 15.30 
9.87 21.22 16.86 
9.02 20.96 16.30 
8.01 22.10 15.56 ' 
9.84 21.81 17.20 
9.08 21.10 17.05 
8.04 23.02 15.78 
10.16 21.50 18.05 
8.57 20.49 16.04 
10.76 23.44 20.04 
Mammoth Red Clover 
11.15' 
-
16.99 
9.28 
-
16.03 
10.65 
-
15.28 
8.93 22.94 14.79 
8.32 23.88 13.25 
10.69 22.30 18.26 
8.68 22.85 17.40 
8.18 21.21 16.83 
- --,----- ---_ .. _-_ ... 
Crude fiber in percent 
Leaves Stems Heads Whole 
<forage 
18.75 38.30 19.00 23.46 
19.47 39.55 19.89 25.01 
18.50 40.11 19.72 24.53 
18.66 42.28 21.64 24.99 
19.96 43.66 24.24 26.18 
19.81 45.25 23.45 27.99 
18.63 41.31 20.95 27.10 
18.53 38.79 23.11 26.69 
21.03 39.68 21.93 29.02 
18.09 35.27 21.27 26.55 
19.29 40.72 23.77 28.45 
20.25 40.92 24.98 29.35 
18.10 36.48 20.73 25.55 
18.05 38.12 23.93 25.48 
19.01 41.91 23.95 28.50 
19.59 38.24 .24.70 26.60 
19.46 41.02 24.48 27.32 
20.91 40.88 24.16 27.25 
20.26 40.67 23.84 26.26 
17.'19 39.36 25.59 26.13 
.17.75 38.8=! 20.78 22.97 
_. 
20.93 39.12 
-
26.82 
21.98 41.52 
- 29.41 
22.24 41.04 
-
30.92 
23.18 42.88 20.78 32.52 
19.40 44.89 22.37 32.54 
18.68 38.77 22.20 22.86 
21.39 40.99 23.66 26.10 
20.47 39.94 21.91 23.27 
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plants were mature. The rank, heavy growth of the mam-
moth clover no doubt resulted in conditions of light mois-
ture near the surface of the ground that distinctly favored 
leaf loss and decomposition. 
The weight of heads in percentage of the total forage 
generally increased with the advance of the plants toward 
maturity. In several instances, however, including the first 
crop series of medium red clover and several of the second 
crop series, the percentage of heads was low at the mature 
stage. It seems probable that at the time these cuttings were 
made, considerable new leafy growth was included in the 
harvest. The relatively high leaf percentages obtained on 
those occasions would tend to confirm this explanation. 
PROTEIN AND CRUDE FIBER 
r 
From the standpoint of feeding value of roughage, the 
ratio between protein and crude fiber is important. While 
the crude fiber in the young plant is highly digestible, as 
the plant approaches maturity the increase in percentage of 
lignin results in a marked decrease in the digestibility of 
the crude fiber protein (4). In tabl~ 9 analyses are given 
for these constituents in forage of both medium red and 
mammoth red clovers cut at different stages of maturity in 
1936.4 In general the percentages of protein and crude fiber 
were similar in the two clovers. It appears that medium red 
clover was· slightly higher in percentage of protein and 
slightly lower in percentage of crude fiber than was mam-
moth red; but this may be due to actual differences in 
stages of maturity, not discernible by means of the method 
used for rating maturity in this study. The percentages of 
protein are illustrated in figs. 5 and 6. 
The production of crude fiber and. protein in pounds per 
acre as associated with yield of forage in the first crop is 
shown in figs. 7 and 8 for the two kinds of clover. The for-
age yields represent 4-year averages, while the protein and 
fiber constituents are based on analyses of 1 year's samples 
only. That the protein is laid down relatively early in the 
growth of the plant is indicated by the fact that the total 
• Chemical analyses on these samples, determined through the courtesy of the 
Production and Marketing Administration. U.S. Department of Agriculture. were 
not entirely completed until .January, 1947, because of lack of help and the in-
terruption of more pressing work during the war Interval. Tables and graphs 
and discussion on composition are based on these data obtained from one year's 
samples only, because complete data for all cutting treatments were obtained only 
for that year. The data on the 1939 samples, for the more important cutting treat-
ments, .howed similar trends in composition as related to stage of maturity and 
cutting treatment. 
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protein produced did not increase much after the bud stage, 
while the production of crude fiber increased rapidly as the 
plant approached maturity. In the medium red clover, after 
the bud stage was reached, the total yield of protein in-
creased only 163.2 pounds while the crude fiber increased 
558.8 pounds. In the mammoth red clover the yield of Pl'O-
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tein increased 141 pounds per acre subsequent to the' bud 
stage, while the crude fiber increased 553.3 pounds per acre. 
The total production of protein and crude fiber for the 
two clovers following different cutting treatments, including 
both first and second crops, is shown in figs. 9 and 10. Ap-
parently, the ratio of protein to crude fiber in the second 
crop, especially of medium red clover, was not as favorable 
as it was in the first crop. We should note, however, that 
a fairly good production of protein was obtained in all 
second _ crops, regardless of first crop cutting treatment. 
From the standpoint of forage quality, in addition to high 
yield, the most favorable cutting treatment for medium 
red clover would appear to be to harvest the first crop at 
the early bloom or full bloom stage and the second crop at 
the full bloom stage. 
As noted in fig. 10, the data for mammoth red clover are 
not complete. Although during four seasons yields w~re 
obtained from second crops for practically all first-crop 
cutting treatments, analyses were not obtained on these 
second crops (or aftermaths) beyond the one for the quar-
ter b~oom first-crop cutting treatment. Crude fiber appar-
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ently increases so rapidly that it would appear that best 
results would be obtained by harvesting the first crop in the 
bud stage and the second crop in the quarter bloom stage. 
This would no doubt create a problem of curing the hay, if 
cut in the bud stage. All things considered, it seems appar-
ent that medium red clover is the more desirable of the 
two for hay purposes under Iowa conditions. 
PHOSPHORUS AND - CALCIUM 
The percentages of phosphorus (as P 205) and calcium 
(as CaO) on the whole plant basis for both medium red and 
mammoth red clovers, cut at different stages of maturity 
in 1936, are shown in table 10 and are illustrated graphically 
in fig. 11. It is apparent that the two clovers are similar 
with respect to their calcium and phosphorus content. For 
a more detailed study, analyses were obtained on the leaf, 
head and stem portions of the forage, both in the first and 
second crops. The results obtained indicate the percentage 
composition for both calcium and phosphorus for six stages 
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of maturity in the first crop and three stages of maturity 
in the second crops for medium red clover and are illustrated 
in figs. 12 and 13. The data for the second crops were 
determined by averaging the four sets of second crops (one 
for each of the first-crop cutting treatments). It is evident 
that· there was a slight downward trend in percentage of 
p 205 during the course of development from the bud stage 
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TABLE 10. PERCENTAGE OF CALCIUM (CaO) AND PHOSPHORUS (P,O.) IN 
WHOLE FORAGE OF MEDIUM RED AND MAMMOTH RED CLOVERS 
CUT AT DIFFERENT STAGES OF MATURITY IN 1936. 
Percent CaO Percent P.O. 
Stage of maturity Medium Mammoth Medium Mammoth 
red red red red 
Bud 2.49 2.52 0.74 0.69 
Quarter bloom 2.10 2.47 0.77 0.57 
Full bloom 2.61 2.29 0.66 0.65 
Late bloom 2.33 2.35· 0.73 0.55 
Corollas half brown 2.88 2.36 0.54 0.55 
Mature 2.16 2.33 0.63 0.47 
to maturity. There also is an indication of a decrease in 
percentage of P 205 with the advance of the season, for 
the average of the second crop was slightly lower in P 205 
than was the average of the first-crop cuttings (fig. 12). 
This may be due to a slight decrease in availability of the 
phosphorus due to the drier and hotter conditions of mid-
summer. 
The percentage of calcium (as CaO), as shown in fig. 13, 
did not follow the same trend as phosphorus. In general the 
trend was upward with a slightly higher percentage of CaO 
in the forage as the plant approached maturity, both in the 
first and second crops. Also it is to be noted that the per-
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centage of CaO was greater in the second crop than it was 
in the first crop. 
FAT CONTENT OF FORAGE 
Analyses of the' leaf, stem and head portions of the for-
age, as shown in fig. 14, indicated that the percentage of 
crude fat (ether extract) was relatively constant in the 
leaves and stems from the bud stage to maturity, while 
in the heads it increased rapidly with maturity as a result 
of translocation and storage in the seeds. 
DISCUSSION 
It is recognized that while the stage of maturity at which 
a forage crop is harvested has a great influence on its 
nutritive value, it may not be possible to put an ideal cut-
ting system into operation. From the standpoint of yield 
of forage alone, best results with medium red clover would 
he obtained by harvesting both the first and second crops' 
Rt the full bloom stage. Hay curing would be more easily 
accomplished than when cut at a more immature stage, but 
thf! risk of loss of leaves is also greater. 
The effects of leaf loss were brought out strikingly in 
this study. where in mammoth red clover the total dry mat-
ter was less for plants harvested at maturity than for 
plants harvested at the full bloom stage, due primarily to 
a loss of leaves. 
Many Iowa farmers use red clover as a combined hay and 
seed crop. The acreage harvested for seed varies a ,g-reat 
deal from year to year. and often the decision as to whether 
the second crop is to be used for hay or seed is not made 
until that crop is past the full hloom stag-e. In areas where 
seed production is a more or less regular enterprise, the 
most desirable cutting practice would appear to be one that 
would favor seed producton in the second crop. The data 
presented indicate that the first crop should be cut in the 
early bloom stage, in order that the greatest number of 
flowers will be available for pollination in the second crop. 
The full bloom stage in this crop comes during the period 
between July 20 and Aug. 1. probably in general as "favor-
able as any in midsummer for bee activity. If by the time 
full bloom is reached it appears that a good setting of seed 
is not in prospect, the crop may be cut for hay, while if 
insect activity is considerable and seed is setting well, the 
crop may be left for seed. 
The data on chemical composition show the importance 
of leaves in the total forage. The protein and calcium frac-
667 
tions, especially, are concentrated in the leaf portion of the 
plant, and every effort must be made to prevent loss of 
leaves in harvesting. It should be emphasized that while the 
percentage of leaves was 60 or more for all stages· of the 
first crop of medium red clover, the forage samples were 
shade-cured, with no loss of leaves after cutting. Under 
field curing conditions, however, it is impossible to prevent 
leaf loss, and this loss rapidly increases with approaching 
maturity of the plant. 
Early harvesting favors leaf retention and a higher pro-
tein content, but at the same time makes curing more 
difficult and results in a lower yield of forage and of total 
protein. A compromise must be reached, and the practice 
that appears most desirable with medium red clover is to 
cut the first crop in the early bloom stage and the second 
crop at or near the full bloom stage. 
Because of the early loss of leaves in mammoth red clover 
it appears that the hay crop should be cut in the bud to. 
early bloom stage. This will give an aftermath of consid-
erable value, and if moisture conditions are favorable, pos-
sibly a second hay crop. 
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